T ).
The genus Arthrobacter was established by Conn & Dimmick (1947) and at the time of writing there were 66 species with validly published names, most of which were isolated from soils (http://www.bacterio.cict.fr/a/ arthrobacter.html). Most members of this genus exhibit a rod-coccus morphological cycle, are Gram-positive and catalase-positive, and are characterized by peptidoglycan type A3a or A4a (Keddie et al., 1986; Jones & Keddie, 1992; Schleifer & Kandler, 1972; Stackebrandt et al., 1983) . In this study we describe the isolation and classification of a novel Gram-positive species with high DNA G+C content within the genus Arthrobacter.
Strain D48
T was isolated from the rhizosphere soil of a cypress tree (Cupressus sempervirens) collected from Mianyang in Sichuan province, China using the standard dilution plating technique. Isolation was achieved using a nutrient medium composed of 1 % glycerol, 0.5 % corn steep liquor (Dezhou Fuyuan Biology Starch Co. Ltd, China), 0.1 % KH 2 PO 4 , 0.1% NaNO 3 , 0.05 % MgSO 4 .7H 2 O (pH 7.3) and 1.5 % agar (Lee et al., 1989) . The isolate was routinely cultured on tryptic soy agar (TSA; Difco) at 28 u C and was maintained as glycerol suspensions (15 %, v/v) at 280 u C.
Genomic DNA was extracted and purified by using a Wizard Genomic DNA purification kit (Promega). A 16S rRNA gene sequence (1491 bp) was obtained from a PCR product amplified from strain D48
T by using the universal forward primer P1 (59-AGAGTTTGATCCTGGTCAGAA-CGCT-39) and the universal reverse primer P6(59-TACGG-CTACCTTGTTACGACTTCACCCC-39), corresponding to positions 8-37 and positions 1479-1506, respectively, in the Escherichia coli 16S rRNA gene (Yanagi & Yamasato, 1993) . The amplified 16S rRNA gene was sequenced by using an ABI377 automatic sequencer (Applied Biosystems), and aligned with sequences of recognized species of the genus Arthrobacter by using the CLUSTAL_X software program (Thompson et al., 1997) . The 16S rRNA gene sequence similarity values were calculated by using the EzTaxon webbased tool (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Phylogenetic trees (Fig. 1 , and Figs S1 and S2, available in IJSEM Online) were constructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Tamura & Nei, 1993 ) methods using MEGA software version 5.0 (Tamura et al., 2011) . The topology of the phylogenetic trees was evaluated by the bootstrap resampling method of Felsenstein (1985) with 1000 replicates. The highest levels of 16S rRNA gene sequence similarity were between strain D48
T and Arthrobacter oryzae JCM 15922 
T was tested for a range of phenotypic, physiological and biochemical characteristics together with the closely related species A. oryzae NBRC 102055 T and A. humicola NBRC 102056 T , as reference strains. To determine the cellular morphology, strain D48
T was grown on 1 / 5 -strength GPM agar medium at 28 u C for 10-48 h and the cells were examined by phase-contrast microscopy. GPM agar medium was composed of 1.0 % (w/v) glucose, 0.5 % (w/v) peptone, 0.5 % (w/v) meat extract, 0.3 % (w/v) NaCl, 1.2 % (w/v) agar (pH 7.0) as described by Takahashi et al. (2003) . Gram-staining was performed by using a Gram-stain reagent kit (Amresco). Growth was tested over the NaCl range 0-3 % (w/v) at intervals of 0.5 % in liquid YD medium (1.0 % yeast extract, 1.0 % glucose, pH 7.0) for 3 days at 28 u C. The pH range for growth was tested at intervals of 0.5 pH unit in liquid YD medium buffered with 50 mM MES (pH 5.0-6.5), 50 mM PIPES (pH 6.5-7.5), 50 mM HEPES (pH 7.0-8.0), 50 mM Tricine (pH 7.5-9.0) or 50 mM CHES (pH 9.0-10.0) for 3 days at 28 uC. The temperature range for growth was determined at 4-45 uC in liquid YD medium over 10 days. Catalase and oxidase activities, production of indole and the Voges-Proskauer reaction were performed as recommended by Smibert & Krieg (1994) . Hydrolysis of casein, gelatin, starch and Tween 80 were determined as described by Atlas (1993) and by Barrow & Feltham (1993) . Other physiological and biochemical properties were tested with GP2 MicroPlates (Biolog) and API 50CH, API 20NE and API ZYM strips (bioMérieux) according to the manufacturers' instructions, using cells grown on TSA (Difco) for 3 days at 28 u C.
The colonies of strain D48 T were circular, slightly convex and pale yellow with entire margins after 72 h on YD agar at 30 u C. Cells of strain D48
T were Gram-stain-positive, aerobic, non-motile, non-spore-forming and displayed a rod-coccus life cycle. The cells were irregular rods in 11 hold cultures, predominantly short rods or oval-shaped after 22 h, and had a coccoid shape after 30 h in the stationary growth phase. Growth occurred at temperatures ranging from 12-37 u C, but no growth was observed at 8 u C and 42 uC within 10 days. The pH range for growth was 5.5-9.0 (optimum, pH 7.0). Growth occurred in the presence of 0-2 % (w/v) NaCl. Cultural, physiological and biochemical properties of strain D48
T are given in detail in Table 1 and the species description.
Biomass for chemotaxonomic characterization was obtained from cultures in exponential growth phase grown in TSB at 30 u C for 48 h. To determine the cellular fatty acid composition, fatty acid methyl esters were prepared (Komagata & Suzuki, 1987) , analysed by gas chromatography (6890N; Agilent) and identified according to the instructions of the Microbial Identification System (MIDI Sherlock Version 6.0, ACTINO) as described by Sasser (1990) . Determination of the cell-wall peptidoglycan type of strain D48 T was carried out by the Identification Service of the DSMZ, Braunschweig, Germany. Isoprenoid quinones were isolated according to the method of Minnikin et al. (1984) and analysed using HPLC as described by Collins (1985) . Polar lipids were separated using 6.6 cm 2 TLC silica gel 60 F 254 plates (Merck) according to the method described by Minnikin et al. (1975) . Individual phospholipids were identified by using several spray reagents (Embley & Wait, 1994) and through comigration with authentic standards (Sigma). The G+C content of the DNA was determined using the thermal denaturation method of Marmur & Doty (1962) .
The major fatty acids of strain D48
T were anteiso-C 15 : 0 (67.57 %), anteiso-C 17 : 0 (18.70 %), iso-C 16 : 0 (8.23 %), iso-C 15 : 0 (2.95 %), iso-C 14 : 0 (1.51 %) and C 17 : 0 (1.04 %). The total hydrolysate of the peptidoglycan contained lysine, glutamic acid, glycine and alanine in the molar ratio of approximately 0.9 : 1.0 : 0.7 : 4.0, and the partial hydrolysate of the peptidoglycan contained the peptides L-AlaAD-Glu,
AlaAL-LysAD-Ala and AlaAAla, which revealed that alanine represented the N terminus of the interpeptide bridge according to Schleifer (1985) . From these data, the cell-wall peptidoglycan was of the A3a type and the interpeptide bridge was L-LysrL-AlarL-Ala, with glycine bound to the a-carboxyl group of D-glutamic acid at position 2. The major respiratory quinone of strain D48
T was MK-9(H 2 ); small amounts of MK-7(H 2 ), MK-10(H 2 ) and MK-6 were also present. The phospholipids were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, an unidentified aminolipid and an unidentified glycolipid (Fig. S3) . The DNA G+C content of strain D48 T was 65.0 mol%.
DNA-DNA hybridization between strain D48
T and the type strains of the five most closely related species of the genus Arthrobacter needed to be performed to define strain D48 T as a novel species. DNA-DNA hybridization was determined using the initial renaturation-rate method (De Ley et al., 1970 T were 36.36±0.5 %, 25.82±0.8 %, 21.22±1.1 %, 20.00±0.7 % and 20.00±0.9 %, respectively, well below the 70 % cut-off point for species delineation recommended by Wayne et al. (1987) .
On the basis of the phenotypic properties, 16S rRNA gene sequences, DNA G+C content, DNA-DNA hybridization values and chemotaxonomic properties, the isolated strain is distinct from other related species within the genus Arthrobacter. Therefore, we propose that strain D48 T represents a novel species of the genus Arthrobacter, for which the name Arthrobacter cupressi sp. nov. is proposed.
Description of Arthrobacter cupressi sp. nov.
Arthrobacter cupressi (cu9pres.si. L. gen. n. cupressi of a cypress, of Cupressus, referring to the plant, the source of the rhizosphere soil from which the type strain was isolated). Motility 2 + + NaCl range for growth (%, w/v) 0-2 0-2 0-3 Enzyme activity (API 20NE):
Nitrate reductase 2 + 2 Pyrrolidonyl arylamidase + + 2 Urease + 2 2 Acid production from (API 50CH):
Glycerol + 2 2
+ 2 2 Carbon source utilization (Biolog GP2):
Acetic acid Other physiological and biochemical characteristics are given in Table 1 . The cell-wall peptidoglycan contains L-lysine as the diagnostic diamino acid. The acyl type of the peptidoglycan is acetyl. The predominant menaquinone is MK-9(H 2 ); small amounts of MK-7(H 2 ), MK-10(H 2 ) and MK-6 are also present. The phospholipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, an unidentified aminolipid and an unidentified glycolipid. The major cellular fatty acids are anteiso-C 15 : 0 , anteiso-C 17 : 0 and iso-C 16 : 0 .
The type strain, D48 T (5DSM 24664 T 5CGMCC 1.10783 T ), was isolated from the rhizosphere soil of a cypress tree (Cupressus sempervirens) from Mianyang in Sichuan province, China. The DNA G+C content of the type strain is 65.0 mol%.
